Europalsches Patentamt 
European Patent Office 
Office europeen des brevets 



(43) Date of publication: 

04.10.2000 Bulletin 2000/40 



(21) Application number: 00301388.5 

(22) Date of filing: 22.02.2000 



111 

(id EP 1 041 353 A2 

EUROPEAN PATENT APPLICATION 

(51) Int. CI. 7 : F25J 3/04 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE 

Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 30.03.1999 US 281458 

(71) Applicant: THE BOC GROUP, INC. 

Murray Hill, New Providence, New Jersey 07974- 
2082 (US) 



(72) Inventors: 

• Denzau, Arthur Ruhmann 
Piscataway, New Jersey 088854 (US) 

• McKenzie, Andrew Bradford 
New York 10003 (US) 

(74) Representative: 

Wickham, Michael et al 

c/o Patent and Trademark Department 

The BOC Group pic 

Chertsey Road 

Windlesham Surrey GU20 6HJ (GB) 



CM 
< 

CO 
LO 
CO 



(54) Distillation column arrangement for air separation 

(57) A packaged column arrangement for an air 
separation plant in which a cold box 54 is filled with an 
insulating material and a higher pressure column 10 
and a lower pressure column 12 are mounted within the 
cold box 54. The lower pressure column 10 has an inter- 
mediate reboiler 28 in fluid communication with the 
higher pressure column 10 for condensing nitrogen 
enriched vapour overhead formed within the higher 
pressure column 10 in order to produce reflux for the 
columns. The columns 10 and 1 2 have a sufficiently ver- 
tically staggered juxtaposition within the cold box 54 
that the reflux stream flows under gravity to the higher 
pressure column 10. 
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Description 

[0001 ] The present invention relates to a packaged 
column arrangement for an air separation plant of the 
type having higher and lower pressure columns. More 5 
particularly, the present invention relates to such a 
packaged column arrangement in which an intermedi- 
ate reboiler is provided in the lower pressure column to 
condense tower overhead of the higher pressure col- 
umn, thereby to provide reflux for the both the higher io 
and lower pressure columns. Even more particularly, 
the present invention relates to such a packaged col- 
umn arrangement in which the higher and lower pres- 
sure columns are positioned within a cold box so that 
the higher and lower pressure columns are in a suffi- is 
ciently staggered relationship that the reflux stream 
flows under the influence of gravity into the higher pres- 
sure column. 

[0002] There are a variety of plant designs and 
cycles by which air is separated by fractional distillation 20 
into oxygen and nitrogen. In a common type of air sep- 
aration plant, air is partially or fully condensed within a 
bottom reboiler of a lower pressure column. The par- 
tially or fully condensed air is then rectified in the bottom 
of a higher pressure column. The rectification of the air 25 
produces nitrogen rich overhead vapour and an oxygen 
rich column bottoms. Reflux for both the higher and 
lower pressure columns is produced by condensing a 
stream of the nitrogen rich tower overhead in an inter- 
mediate reboiler positioned within the lower pressure 30 
column. 

[0003] An example of such a plant may be found in 
US-A-5 463 871 in which the higher pressure column is 
placed below a section of the lower pressure column 
containing the intermediate reboiler. The other section 35 
of the lower pressure column, containing the lower 
reboiler, serves to condense or partially condense the 
air. Since the intermediate reboiler is located directly 
above the higher pressure column, reflux flows under 
gravitational influenced into the higher pressure col- 40 
umn. 

[0004] The distillation column arrangement of US 5 
463 871 is mounted within an insulated cold box struc- 
ture. The cold box for such a plant must have a sufficient 
height to accommodate the higher pressure column and 45 
the lower pressure column section located above the 
higher pressure column. As is well known in the art, the 
higher the cold box, the more expense the plant 
because more materials are used in its fabrication. In 
addition , the mounting of a three column arrangement is sc 
normally effectuated by separate mountings which add 
to the complexity of the cold box. 
[0005] As will be discussed, the present invention 
provides a distillation column arrangement having an 
intermediate reboiler in which the height of the cold box 55 
is inherently less than that of US-A-5 463 871 and also, 
the column mounting is less complicated. 
[0006] According to the present invention there is 



provided a packaged column arrangement for an air 
separation plant said packaged column arrangement 
comprising: 

a cold box filled with an insulating material; and 

higher and lower pressure columns; 

the lower pressure column having an intermediate 
reboiler in fluid communication with said higher 
pressure column for condensing nitrogen enriched 
overhead vapour formed therewithin, thereby to 
produce, in use, a reflux stream for reintroduction 
into the said higher pressure column; 

the higher and lower pressure columns having a 
sufficiently vertically staggered juxtaposition within 
said cold box that, in use, said reflux stream flows 
by gravity back into said higher pressure column. 

[0007] Since the lower pressure column is not split 
into two parts, the cold box height is less than that of 
US-A-5 463 871 . Moreover, the resultant two. instead of 
three column vessels, can be mounted on a common 
set of mountings. 

[0008] A further advantage is that auxiliary equip- 
ment may be conveniently attached to the columns 
themselves also to simplify the requisite mounting 
arrangement within the cold box. In this regard, a vapor- 
izer can be positioned above and in fluid communication 
with the higher pressure column and a subcooling heat 
exchanger positioned below and in fluid communication 
with the lower pressure column. The higher and lower 
pressure columns may be supported by a common sup- 
port means. The subcooling heat exchanger can be 
attached to and depend from the lower pressure col- 
umn. A pump for pumping liquid oxygen to said vapor- 
iser and a turbine can be mounted within the cold box at 
the bottom thereof. 

[0009] As is apparent, all the major components 
that relate to the distillation columns can be connected 
to the distillation column with the distillation columns 
connected to the cold box in a simple mounting. A fur- 
ther advantage of such a compact arrangement is that 
the columns and associated equipment may be erected 
with a minimum of problems associated with the leveling 
of each of the components. 

[0010] A packaged column arrangement according 
to the invention will now be described by way of exam- 
ple with reference to the accompanying drawings, in 
which: 

Figure 1 is a schematic view of an air separation 
plant; and 

Figure 2 is cold box arrangement for such air sepa- 
ration in accordance with the present invention. 
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[001 1] With reference to Figure 1 , an air separation 
plant 1 is illustrated. Air separation plant 1 is provided 
with a higher pressure column 10, a lower pressure col- 
umn 12, a subcooling heat exchanger unit 14 and an air 
vaporiser 16 to vaporise the air. Not shown in air sepa- 5 
ration plant 1 are items that are external to the cold box 
such as main air compressor, the pre-purrfication unit 
and the main heat exchanger. Additionally, a turbo- 
expander used to provide refrigeration which not shown 
in Figure 1 , is shown in Figure 2. JC 
[001 2] The plant shown in Figure 1 is operated as 
follows. A purified air stream 18 after having been 
cooled in the main heat exchanger (not shown) to 
approximately its dewpoint is partially condensed within 
bottom reboiler 20 of lower pressure column 12. The is 
resultant stream 22 is introduced into higher pressure 
column 10 for rectification. 

[0013] The rectification of the air produces a nitro- 
gen rich overhead vapour and an oxygen enriched liquid 
column bottoms. The nitrogen rich vapour overhead is 20 
withdrawn as a stream 26 and is then condensed within 
an intermediate reboiler 28. The resultant nitrogen con- 
densed stream 30 is divided into reflux streams 32 and 
34. Reflux stream 32 is introduced into the top of higher 
pressure column 10 and reflux stream 34 after having 25 
been subcooled within subcooling unit 14 and 
expanded through an expansion valve 35 is introduced 
into the top of lower pressure column 12. 
[001 4] Crude liquid oxygen forms as a column bot- 
toms within higher pressure column 1 0 is extracted as a 3C 
crude liquid oxygen stream 48 which also is subcooled 
within subcooling unit 14 and expanded across a valve 
50 prior to its introduction into lower pressure column 12 
for further refinement. The crude oxygen is further 
refined within lower pressure column 1 2 to produce an 3f 
oxygen rich column bottoms which is extracted as a 
product stream 36. Product stream 36 is pressurised by 
a pump 38 and then vaporised within vaporiser 16 to 
produce a vaporised oxygen product. This vaporisation 
occurs through heat exchange with higher pressure air 4C 
that is liquefied to produce a liquid air stream 40. Liquid 
air stream 40 after having been expanded by expansion 
valve 42 is introduced into an intermediate location of 
higher pressure column 10. Part of the liquid air stream 
is removed as an intermediate stream 44 which after 4; 
having been subcooled within subcooling unit 14 is 
expanded across an expansion valve 46. Nitrogen over- 
head vapour stream 52 provides the refrigeration duty 
for subcooling unit14. 

[0015] With reference to Figure 2, the arrangement Sc- 
ot the columns 10 and 12, the subcooling unit 14. and 
the vaporiser 1 6 within a cold box 54 (i.e. a housing con- 
taining thermal insulation) is illustrated. Two I-beams 
56, 58 of which only is visible in the drawings are used 
to secure the columns to the cold box 54. Cold box 54 is 55 
filled with an insulating material, not shown in the draw- 
ings. Additionally, the piping used to conduct the various 
streams described above with Figure 1 is not shown. 
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[001 6] The columns 1 0 and 1 2 are positioned within 
the cold box 54 in a vertically staggered relationship so 
that intermediate reboiler 28 has an elevation slightly 
higher than that of the top of the higher pressure column 
10 and so that the resultant reflux stream 32 (see Figure 
1) can flow by gravity back into higher pressure column 
10. Preferably, the vaporiser 16 is connected to (and 
hence supported by) the top of higher pressure column 
10. Subcooling heat exchange unit 14 preferably 
depends from the bottom of lower pressure column 12 
being supported by a mounting bar 60. Although the 
vaporiser 16 and subcooling heat exchange unit 14 
could be connected to the inner wall(s) cold box 54 for 
purposes of additional support, this is generally not nec- 
essary and is not preferred as such a practice adds to 
the complexity involved in assembling the cold box 54 
and its internals. Pump 38 and a turbine 62 (the turbo 
expander used to generate refrigeration) may also be 
mounted within the cold box, preferably at locations 
near the subcooling heat exchanger unit 14. 

Claims 

1 . A packaged column arrangement for an air separa- 
tion plant, said packaged column arrangement 
comprising: 

a cold box filled with an insulating material; and 

higher and lower pressure columns; 

the lower pressure column having an interme- 
diate reboiler in fluid communication with said 
higher pressure column for condensing nitro- 
gen enriched overhead vapour formed there- 
within, thereby to produce, in use, a reflux 
stream for reintroduction into the said higher 
pressure column; 

the higher and lower pressure columns having 
a sufficiently vertically staggered juxtaposition 
within said cold box that, in use, said reflux 
stream flows by gravity back into said higher 
pressure column. 

2. A packaged column arrangement as claimed in 
Claim 1 , further comprising a vaporiser positioned 
above said higher pressure column and a subcool- 
ing heat exchanger positioned below said lower 
pressure column. 

3. A packaged column arrangement as claimed in 
Claim 2, wherein said subcooling heat exchanger 
depends from said lower pressure column; and said 
vaporiser is connected to a top region of said higher 
pressure column. 

4. A packaged column arrangement as claimed in 
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Claim 2 or Claim 3, wherein a pump for pumping liq- 
uid oxygen to said vaporiser and a turbine are 
mounted within said cold box at the bottom thereof. 

5. A packaged column arrangement as claimed in any s 
one of the preceding claims, wherein said higher 
and lower pressure columns are supported within 
said cold box by a common support means. 
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FIG. 1 
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(54) Distillation column arrangement for air separation 

(57) A packaged column arrangemeYit ; for an air 
separation plant in which a cold box 54 is filled with an 
insulating material and a higher pressure column 10 
and a lower pressure column 12 are mounted within the 
cold box 54. The lowerpressure column 10 has an inter- 
mediate reboiler 28 in fluid communication with the 
higher pressure column 10 for condensing nitrogen 
enriched vapour overhead formed within the higher 
pressure column 10 in order to produce reflux for the 
columns. The columns 1 0 and 1 2 have a sufficiently ver- 
tically staggered juxtaposition within the cold box 54 
that the reflux stream flows under gravity to the higher 
pressure column 10. 
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